Background: Numerous studies have investigated association of OGG1 Ser326Cys polymorphism with lung cancer susceptibility; however, the findings are inconsistent. Therefore, we performed a meta-analysis based on 27 publications encompass 9663 cases and 11348 controls to comprehensively evaluate such associations.
Introduction
Cancer is recognized as the leading cause of death in economically developed countries and the second leading cause of death in developing countries. It has been estimated that approximately 12.7 million cancer cases and 7.6 million cancer deaths have been occurred in 2008. Lung cancer was the most commonly diagnosed type of cancer as well as the leading cause of cancer death in males in 2008. Globally, lung cancer accounts for 13% (1.6 million) of the total cases and 18% (1.4 million) of the deaths [1] . Cigarette smoking is the well known risk factor for lung cancer, which accounts for 80% of the worldwide lung cancer burden in males and at least 50% of the burden in females [2] .
Tobacco smoke contains multiple carcinogens that are known to chemically modify of genomic DNA [3] and further lead to genetic mutations [4] .
DNA repair genes play a crucial role in maintaining the stability and integrity of genomic DNA. In humans, more than 130 genes are involved in the five major DNA repair pathways, one of which is base excision repair (BER) pathway [5] . The BER pathway repairs lesions involving modifications to the DNA bases, including lesions generated by reactive oxygen species. The specificity of BER is supported by DNA glycosylases, which have precise substrate specificities. In mammalian cells there are four major DNA glycosylases including oxoguanine DNA glycosylase (OGG1), which primarily recognizes 8-oxodG but also active on other oxidized purines [6] .
The 8-oxoguanine DNA glycosylase (OGG1) gene, located at chromosome 3p26.2, encodes the enzyme responsible for the excision of 8-oxoguanine, a mutagenic base byproduct which occurs as a result of exposure to reactive oxygen species. It catalyzes the cleavage of the glycosylic bond between the modified base and the sugar moiety, leaving an abasic apurinic/apyrimidinic site in DNA; the resulting site is then incised, followed by completing of repair with successive actions of a phosphodiesterase, a DNA polymerase and a DNA ligase [7, 8] . The OGG1 is highly polymorphic, and a number of single nucleotide polymorphisms (SNPs) have been identified [9] [10] [11] [12] , with at least 231 reported SNPs in the gene region (http://www.ncbi.nlm.nih.gov/ projects/SNP). However, only few of these reported SNPs are potentially functional and been studied for their associations with cancer susceptibility. For OGG1, there are twenty five SNPs that reportedly change amino acid of the protein but only Ser326Cys (rs1052133) was extensively investigated for its association with cancer risk, in particular for lung cancer. Because the results from these studies were inconsistent [9, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] , we performed a metaanalysis of the published reports to further evaluate the association of OGG1 Ser326Cys SNPs with the risk of lung cancer.
Materials and Methods

Identification and eligibility of relevant studies
Studies included in this meta-analysis were to meet the following criteria: (a) evaluating the association between OGG1 Ser326Cys and cancer risk, (b) using a case-control design, (c) providing sufficient information to estimate odds ratios (ORs) and their 95% confidence intervals (CIs).
We searched the electronic literature MEDLINE and EMBASE databases for all relevant articles using the search terms: ''OGG1, HMMH, MUTM, OGH1 or hOGG1'', ''variant or variation or polymorphism'' and ''lung cancer'' (last search was updated on Nov 30, 2011). All eligible studies were retrieved, and their bibliographies were manually checked for other relevant publications. Review articles and bibliographies of other relevant studies identified were hand-searched as well to search for additional eligible studies. Only published studies with full-text articles in English were included. If more than one article was published using the same patient population, only the latest or the largest study would be used in this meta-analysis. Two authors (Wei-Xun Duan and Rui-Xi Hua) independently assessed the articles for compliance with the inclusion criteria, and any disagreement was resolved by discussions till consensus was reached. In addition, investigations departure from Hardy-Weinberg equilibrium (HWE) was excluded from the final analysis.
Data extraction
The following information was collected from each study: first author's surname, year of publication, ethnicity of the study population, cancer types, histological types, source used for controls, total number of cases and controls, genotype methods and numbers of cases and controls with the Ser/Ser, Ser/Cys, and Cys/Cys genotypes for OGG1. For those studies that included subjects of different ethnic groups, genotypes data were extracted separately for each of ethnic groups, categorized as Caucasians, Asians, Africans or Mixed which contained more than one ethnic group.
Genotype and gene expression correlation analysis
The data on OGG1 Ser326Cys (rs1052133C.G) genotype and transcript (mRNA) expression levels were available by SNPexp online tool (http://app3.titan.uio.no/biotools/help.php?app= snpexp) [26] . The genotyping data for OGG1 were derived from the HapMap phase II release 23 data set consisting of 3.96 million SNP genotypes from 270 individuals from four populations (CEU: 90 Utah residents with ancestry from northern and western Europe; CHB: 45 unrelated Han Chinese in Beijing; JPT: 45 unrelated Japanese in Tokyo; YRI: 90 Yoruba in Ibadan, Nigeria) [27] . The transcript (mRNA) expression data were detected by using genome-wide expression arrays (47294 transcripts) from EBV-transformed lymphoblastoid cell lines from the same 270 individuals [28] .
Statistical methods
The strength of association between OGG1 Ser326Cys and lung cancer risk was assessed by calculating ORs with the corresponding 95% CIs. For OGG1 Ser326Cys, the pooled ORs were also performed for additive (Ser/Ser vs. Cys/Cys and Ser/Cys vs. Cys/ Cys), recessive model (Ser/Ser+Ser/Cys vs. Cys/Cys), and dominant model (Ser/Ser vs. Ser/Cys+Cys/Cys). The homogeneity assumption was verified by Chi square-based Q-test. If the studies were found to be homogeneous (with P.0.10 for the Q test), the pooled OR estimate of all studies would be calculated by the fixedeffects model (the Mantel-Haenszel method) [29] . If homogeneity could not be assumed, a random-effects model (the DerSimonian and Laird method) would be used [30] . Subgroup analyses were performed by cancer type, ethnicity, study design and sample size. To verify the potential publication bias, a standard error of log (OR) for each study was plotted against its log (OR). Funnel plot asymmetry was assessed by Egger's linear regression test [31] . To assess the effect of individual studies on the overall risk of cancers, sensitivity analyses were performed by excluding each study individually and recalculating the ORs and the 95% CIs. The mRNA expression levels between two strata were assessed by using Student's t test. The transcript expression level trends by genotypes were evaluated by using General linear model. This meta-analysis was performed by using the software STATA version 11.0 (Stata Corporation, College Station, TX) and SAS software (version 9.1; SAS Institute, Cary, NC). All the P values were two-sided, and a P,0.05 was considered statistically significant.
Results
Study characteristics
As shown in Figure 1 , a total of 76 published records were retrieved, of which 45 were excluded after the abstract was found to be irrelevant, and one paper was excluded since they published in Korean [32] . A total of 30 case-control studies met the inclusion criteria [9, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] 33] and were included in the meta-analysis ( Table 1) . The study by Bonner et al. [33] was excluded in the final analysis because they used the same samples as a previous article [34] . The distribution of genotypes for the OGG1 polymorphism in the controls of all studies was consistent with that expected from the HWE, except for three studies [23, 35, 36] . Chang et al. [19] evaluate the differences in genetic contribution to lung cancer risk in Latinos and African-American ethnic groups, so this study was separated in two. Overall, 27 studies with 9663 cases and 11348 controls investigating the OGG1 Ser326Cys SNP were included in this meta-analysis. The study of Klinchid et al. [20] was included only in the calculation of the dominant model, because the genotype distribution was not presented in sufficient detail. Of the 27 studies, sample sizes ranged from 45 to 2155, in which eight studies focused on non-small cell lung cancer (NSCLC) and nineteen on mixed lung cancers. There were eleven studies on Caucasians, twelve studies on Asians, two studies on Africans and two on mixed ethnicity. Almost all of the cases were histologically confirmed. Controls were mainly matched for sex and age. Of all the studies, twelve were population-based, fifteen were hospitalbased; three studies with sample size less than 100, nineteen studies with sample size between 100 to 500, and five studies with sample size more than 500. For available histological types, six studies with small cell lung cancer (SCLC), seven with squamous cell carcinoma (SCC), ten with adenocarcinoma (ADC), one with large cell carcinoma (LCC), six with NSCLC thus histological type details not available, and twelve with lung cancer but details not available that were considered as mixed.
Meta-analysis results
The overall results suggested there was no significant association between OGG1 Ser326Cys and risk of lung cancer (Ser/Ser vs. Figure 2 ).
The mRNA expression by genotypes
The mRNA expression level of OGG1 by the genotypes of four ethnicities is shown in Table 4 . We did not find any mRNA expression difference between different genotypes among the four different ethnicities. Thus, mRNA expression level was a little higher though no significant difference for rs1052133G variant allele was found in Asian populations. No trend of transcript expression levels by genotypes was found for OGG1. 
Publication bias
No publication bias was detected for OGG1 Ser326Cys (the Egger's test, Ser/Ser vs. Cys/Cys: P = 0.944, Ser/Cys vs. Cys/ Cys: P = 0.987, recessive model: P = 0.892, dominant model: P = 0.217).
Discussion
It is well recognized that individual susceptibility to cancer varies, even after exposure to the same environment. Therefore, it has been suggested that genetic variation, such as SNPs of genes is involved in carcinogenesis. We conducted a meta-analysis of published studies to evaluate the association between the OGG1 Ser326Cys polymorphism and lung cancer risk because no such up-to-date meta-analysis including histological types has been published to date. We found no statistical evidence of an overall effect of the Ser326Cys polymorphism on lung cancer risk in either recessive or dominant effect models. Compared with the Ser/Ser genotype, the variant Cys/Cys genotype was not significantly associated with overall lung cancer risk in all subjects from 27 eligible studies included in the analysis. In a previous meta-analysis with 17 studies consist of 6375 cases and 6406 controls, significantly increased risks were found among Asian subjects in a dominant model, and lung cancer risk associated with the OGG1 Cys/Cys genotype was significantly increased in population-based studies [9] . However, these were not found in ours, may be attributed to a larger sample size.
Previous studies demonstrated that genetic variation in OGG1 affects cancer susceptibility; the frequency of the OGG1 326Cys allele was found to be significantly higher in patients when compared with controls [22, 24, 25, 37, 38] ; however, this association was not replicated by other studies [9, [13] [14] [15] [16] [17] . Overall, we did not found that individuals carrying the Cys/Cys genotype had significantly increased risk of lung cancer when compared with the Ser/Ser genotype, no significant association with lung cancer risk was found in dominant model, recessive model and heterozygous co-dominant model (Ser/Cys vs. Cys/Cys). However, markedly increased risks were found in relatively large sample size, and this hinted us that in the future studies, only the studies with large sample size would be reliable. In the histological type subgroup analysis, the OGG1 Ser326Cys allele was significantly associated with risk of ADC, but not with cancers of the SCC, SCLC and LCC. These may be attributed to the tumor specificity.
Mambo et al. [39] analyzed the expression of hOGG1 mRNA in 18 lung cancer and three normal cell lines and found hOGG1 was over expressed in most cell lines, 2/18 (11.1%) showed a lower hOGG1 mRNA and protein expression (,80% decrease) relative to normal cell lines, indicating 8-Hydroxyguanine repair defects in certain lung cancers. When we compared the mRNA expression levels of OGG1 Ser326Cys by the genotypes of four different ethnicities, no difference or trend was found. Lung cancer is known to be a complex and multifactorial disease, gene-gene and gene-environment interactions both contribute greatly to the occurrence of this disease, a single nucleotide variation may be insufficient to alter the OGG1 mRNA expression especially the ones in the coding regions which just lead to amino acid alteration.
Though we included the latest data, there are several limitations in this meta-analysis must also be considered. First, lack of the original data of lung cancer histological types limited our further evaluation of histological types and genotypes interactions. Second, lack of the original data limited our further evaluation of potential gene-gene and gene-environment interactions. Third, lack of information on disease status, genotypes, and welldocumented smoking status may also influence the results. Fourth, most of the studies except for five [17, 21, 22, 40, 41] had a relatively small sample sizes (,500 cases and controls). Finally, the studies included in the analysis have used more than ten different genotyping methods that had different quality control issues.
In conclusion, this meta-analysis found that the OGG1 326Cys/ Cys genotype was not associated with significantly increased risk of lung cancer. However, given the relatively limited lung cancer histological types and sample size, Cys/Cys was associated with adenocarcinoma risk. However, further studies are warranted to validate the association between the OGG1 Ser326Cys polymorphism and lung cancer risk with larger sample size and more detailed histological types.
